The present study aims to evaluate the impact of tumor microRNA-125b (miR125b) on recurrence and survival of patients with clear-cell renal cell carcinoma (ccRCC) following surgery. We retrospectively enrolled 276 patients (200 in the training cohort and 76 in the validation cohort) with ccRCC undergoing nephrectomy at a single institution. Clinicopathologic features, cancer-specific survival (CSS) and recurrence-free survival (RFS) were recorded. Tumor miR-125b levels were assessed by in situ hybridization (ISH) in specimens of patients. The Kaplan-Meier method was applied to compare survival curves. Cox regression models were used to analyze the impact of prognostic factors on CSS and RFS. A concordance index (C-index) was calculated to assess predictive accuracy. In both cohorts, tumor miR-125b positively correlated with Fuhrman grade. High tumor miR-125b indicated poor survival and early recurrence for patients with ccRCC, especially with advanced stage disease. After multivariable adjustment, tumor miR-125b was identified as an independent adverse prognostic factor for survival and recurrence. The predictive accuracy of traditional TNM and UCLA Integrated Staging System prognostic models was improved when tumor miR-125b was added. The results showed that tumor miR-125b is a potential independent adverse prognostic biomarker for recurrence and survival of patients with ccRCC after nephrectomy.
The present study aims to evaluate the impact of tumor microRNA-125b (miR125b) on recurrence and survival of patients with clear-cell renal cell carcinoma (ccRCC) following surgery. We retrospectively enrolled 276 patients (200 in the training cohort and 76 in the validation cohort) with ccRCC undergoing nephrectomy at a single institution. Clinicopathologic features, cancer-specific survival (CSS) and recurrence-free survival (RFS) were recorded. Tumor miR-125b levels were assessed by in situ hybridization (ISH) in specimens of patients. The Kaplan-Meier method was applied to compare survival curves. Cox regression models were used to analyze the impact of prognostic factors on CSS and RFS. A concordance index (C-index) was calculated to assess predictive accuracy. In both cohorts, tumor miR-125b positively correlated with Fuhrman grade. High tumor miR-125b indicated poor survival and early recurrence for patients with ccRCC, especially with advanced stage disease. After multivariable adjustment, tumor miR-125b was identified as an independent adverse prognostic factor for survival and recurrence. The predictive accuracy of traditional TNM and UCLA Integrated Staging System prognostic models was improved when tumor miR-125b was added. The results showed that tumor miR-125b is a potential independent adverse prognostic biomarker for recurrence and survival of patients with ccRCC after nephrectomy. R enal cell carcinoma (RCC) is the major malignancy derived from renal tubular epithelial cells, and represents a spectrum of histologic subtypes. (1) The main one, accounting for nearly 80% of RCC and with an incidence rate of 17.8 in Europe and 20.6 in USA per 100 000 individuals in 2013, is clear-cell RCC (ccRCC). (2, 3) ccRCC is associated with high metastasis risk and some degree of chemotherapy resistance. The estimated 5-year mortality rate of patients undergoing resection is 15-30%, accompanied by a recurrence rate as high as 20-40%. (4) Considering the poor and fickle prognosis, outcome prediction for ccRCC has been an important research subject. (5) However, the current distinction relies on morphology and pathology is not conclusive for all ccRCC patients, probably because of their complicated cytogenetical features, (5, 6) which propels us to explore the feasibility of applying other prognostic factors, such as genomic alterations, proteomic analysis, immunotransmitter or microRNA. (7) MicroRNA (miRNA) are a class of 19-25 nucleotide noncoding RNA molecules that could induce post-transcriptional silencing of target genes by interacting with their 3 0 -UTR, thus regulating many important biological processes such as cell development, differentiation and apoptosis. (8) Dysregulation of miRNA and relevant complex mechanisms have been observed in ccRCC cases. (9) It is notable that many cancer-dysregulated miRNA show dynamic expression and their targets may alter depending on practical circumstances. (10) For example, miR34a is overexpressed in ccRCC and accelerates proliferation, whereas it is downregulated and targets oncogene CDK6 in other urologic neoplasms. (8) In view of the important regulatory roles miRNA play in cancer development and progression, many studies have been carried out to identify miRNA as potential biomarkers for ccRCC diagnosis, prognosis and personalized therapy. miR-21 ⁄ 141 ⁄ 155 was proposed by Silva-Santos et al., (15) which was expected to convey further prognostic information. We noticed that previous studies had discovered increased expression of miR-125b in advanced metastatic ccRCC compared to primary ⁄ none metastatic tumors, yet the exact role it plays in ccRCC remains undefined. This phenomenon prompted us to assess whether it is a potential biomarker. (11, 16) For this study, we evaluate the expression of miR-125b in 276 formalin-fixed paraffin-embedded (FFPE) ccRCC specimens by in situ hybridization (ISH) , and analyze the relationship between its expression and clinicopathologic characteristics or clinical outcome, including cancer-specific survival (CSS) and recurrence-free survival (RFS). We further assess prognostic values of miR-125b expression and evaluate its ancillary efficiency when added to well-established predictive models.
Materials and Methods
Patients and database. In this retrospective study, we used 397 FFPE tissue samples collected from Zhongshan Hospital (Shanghai, China). The study was approved by Zhongshan Hospital's ethics committee and informed consent was obtained from each participant. All patients involved underwent surgical nephrectomy and had not been previously treated with chemotherapy or radiotherapy. We excluded the patients that had no FFPE tumor sample, that presented other subtypes of tumor besides ccRCC, and those without available followup information. Patients who did not survive for more than 1 month were considered to have died of postoperative complications and were excluded from the study. Sections that easily fell off during standard ISH procedure were also excluded.
We We macrodissected and discarded areas of necrosis, hemorrhagic, fibrosis or any kind of regressive degeneration before building tissue microarrays (TMA). To construct TMA, we chose two representative and homogeneous cores with 1.0-mm diameter from different positions for each tumor. The TMA samples comprised more than 80% tumor cells. TNM stage was classified according to 2010 American Joint Committee on Cancer TNM classification. (17) UCLA Integrated Staging System (UISS) and Mayo clinic stage, size, grade and necrosis (SSIGN) were recorded as previously described. (18, 19) CSS was defined as the time from the date of surgery to the date of ccRCC-relevant death, and RFS as the time from surgery to confirmed tumor relapse. Cases were censored at the date of death from other causes, or the date of last follow-up visit. We defined metastasis cases as any N1 or M1 stage tumor, and did not include them as RFS. Patients with localized RCC (n = 259) were treated with radical or partial nephrectomy while metastatic patients (n = 17) were treated with cytoreductive nephrectomy. The median survival times of CSS were 88.15 (9-120) for the training set and 72.12 for the validation set. Median RFS were 82.87 (7-120) for the training set and 62.44 for the validation set.
In situ hybridization analysis. The ISH procedure was carried out with miR-125b miRCURY LNA microRNA Detection Probes (Exiqon, Woburn, MA, USA) and a miRCURY LNA microRNA ISH Optimization Kit (FFPE) (Exiqon). The 5 0 -3 0 sequences of probes were TCACAAGTTAGGGTCTCAGGGA, with both 5 0 and 3 0 ends DIG labeled. The ISH procedure was optimized according to the instruction manual to achieve satisfactory results: a 37°C 15-min incubation of 1 lL ⁄ mL proteinase-K, a 56°C 3-h hybridization of 40-nM miR-125b probes and a 4°C 9-h incubation of 1:400 anti-DIG-AP (Roche, Basel, Switzerland) were applied.
Two urologic pathologists (L. Chen and H. Fu) reviewed the staining sections and for every sample, each of them chose a typical field under 10 9 20 magnification independently, without knowing any information about the patients. The score of tumor cores was determined by their deliberation if their two scores were different. Then the arithmetic average of the two scores from the same tumor is determined as a quantification of tumorous miR-125b. A semi-quantitative evaluation was then used: percentages of miR-125b-positive cells were scored from 0 to 100, intensities of staining were scored from 0 to 3 (from low to high, respectively), and the products of percentage 9 intensity were recorded; the mean point by two pathologists was determined as the final score of that sample.
Statistical analysis. Using the X-tile program (version 3.6.1; Yale, New Haven, USA), a cutoff point for a continuous variable according to the highest v 2 of Kaplan-Meier analysis was selected. Using SPSS (version 21.0; IBM, Armonk, NY, USA), Student's t-test, the v 2 -test or Fisher's exact test were used to compare variables between two groups. Univariate and multivariate Cox proportional hazards regression were used to carry out analysis of the association between miR-125b expression and clinicopathological features or survival. Hazard ratios (HR) with 95% CI were calculated for each factor or variable level. Using MedCalc (version 12.7; Mariakerke, Belgium), the Kaplan-Meier method was applied to plot the survival curves, and results of log-rank test were added. Using Stata (version 12.1; StataCorp LP, TX, USA), Harrell's concordance index (C-index) and Akaike's information criterion (AIC) were generated to compare the predictive ability of various models with or without the addition of miR-125b. Bootstraps with 1000 resamples were used for Cox regression, C-index and AIC assessments. All tests were two-sided and a level of P < 0.05 was considered statistically significant.
Results
In situ hybridization findings and correlation analysis with clinicopathologic features. To identify clinical significance of miR125b expression in ccRCC progression, we carried out ISH of miR-125b with ccRCC samples chosen with the criteria described above; 276 samples had successful staining. In 260 (94.20%) specimens, specific miR-125b expression outside the nucleus was observed (Fig. S1 ) and showed varying staining intensity.
According to a score of 17.5 selected by the X-tile program based on the training set as a global cutoff point, 112 of 200 cases in the training set and 44 of 76 in the validation set were categorized as belonging to the low group; the remaining 88 of 200 and 32 of 76 cases were categorized as belonging to the high group, respectively. We further looked into the correlations between miR-125b and clinical pathologic features and found that increased miR-125b expression was correlated with high Fuhrman grade in the two independent sets (P < 0.001 and P = 0.004, respectively; Table S1 ). These findings indicated that miR-125b expression was elevated in ccRCC tissues with poorer histological differentiation.
Associations between miR-125b expression and cancer-specific survival or recurrence-free survival in patients with clear-cell renal carcinoma. To establish whether miR-125b expression was associated with the outcome of ccRCC patients, we compared the CSS between miR-125b high and low expression subgroups by Kaplan-Meier analysis and log-rank test. The result showed that patients with high miR-125b expression had a poorer survival rate (P = 0.007) than those with low expression in the training set. When stratified by TNM stage, miR125b expression showed significantly prognostic value for TNM III + IV advanced stage tumors (P < 0.001) with respect to TNM I + II early stage tumors in the training set (P = 0.131) (Fig. 1a) . Similar results in the validation set (P = 0.001, 0.032 and 0.086, respectively; Fig. 1b) were observed. To specially identify the prognostic significance, univariate Cox analysis of miR-125b expression was conducted in the entire cohort of 276 cases (HR 1.986, 95% CI 1.102-3.758, P = 0.024), in all 80 advanced stage cases (HR 6.787, 95% CI 3.013-29.459, P = 0.001) and in all 196 early stage cases (HR 1.008, 95% CI 0.418-2.411, P = 0.987) (Fig. 1c) .
Moreover, we excluded all metastasis cases with any N1 or M1 stage tumors because of their substantial correlation with recurrence, and investigated the association between miR-125b expression and RFS after that. Patients with high miR-125b expression had shorter RFS than those with low expression in the training set (P = 0.002) and the validation set (P < 0.001); the prognostic significance remained in stratified T2-4 classification patients of two independent sets (P < 0.001 and P = 0.018, respectively) (Fig. 2a,b) . The Cox analysis results of miR-125b in different subgroups are shown in Figure 2( Taken together, these results indicate that miR-125b expression correlates with CSS and RFS for patients with ccRCC, especially for the advanced stage.
High miR-125b expression is an independent predictor of poor prognosis for with clear-cell renal cell carcinoma patients. We proceed with univariate and multivariate analysis for CSS and RFS in the training set to verify whether miR-125b is an independent predictor. Age, gender, coagulative necrosis, size, ECOG-PS, Fuhrman grade, TNM stage or T stage, and miR125b expression were included in the univariate analysis: the variables identified as risk factors were further involved in the multivariate analysis. After multivariable adjustment by clinicopathological variables, ECOG-PS (P = 0.023), Fuhrman grade (P = 0.037), TNM stage (P = 0.003) and miR-125b expression in particular (HR 2.316, 95% CI 1.263-4.244, P = 0.011) were identified as independent prognostic factors for CSS, while Fuhrman grade (P = 0.007), T stage (P = 0.001) and miR-125b expression in particular (HR 1.860, 95%CI 1.059-3.269, P = 0.030) as independent prognostic factors for RFS (Tables 1 and 2) .
We also performed the same procedure for the validation set. Coagulative necrosis was kept to multivariate analysis to possess comparability between two cohorts,though it was not significant for CSS(HR 1.487, 95% CI 0.679-3.258, P = 0.321) in univariate analysis of the validation set. The adjusted results mirrored those for the training set (Tables 1  and 2 ), which indicated that high miR-125b expression was an independent predictor of poor prognosis for ccRCC patients.
Extension of established prognostic models with miR-125b expression. We added miR-125b expression as a binary variable to well-established prognostic systems (TNM stage, UISS and SSIGN) to see if it could improve the prognostic power of these systems. All cases of the two independent sets were included. As shown in Table 3 0.661-0.777) showed markedly higher prognostic accuracy than the original TNM stage (C-index 0.664, 95% CI 0.614-0.715) or original UISS (C-index 0.687, 95% CI 0.632-0.742), but it did not when combined with SSIGN (C-index 0.725, 95% CI 0.666-0.783) compared with the original SSIGN (Cindex 0.716, 95% CI 0.656-0.776). We observed a similar result for RFS. We also calculated the AIC for each model; with a lower AIC score, the combination of miR-125b and TNM stage or UISS still exhibited greater prognostic power than TNM stage or UISS alone for CSS, as well as RFS (Table 3) .
Discussion
Here, our findings show that, in ccRCC cases, high expression of miR-125b was significantly correlated with poor histological differentiation. The results of multivariate and Kaplan-Meier analyses indicated miR-125b to be an independent prognostic factor of poor CSS and RFS, especially for the advanced tumors. Combinations of miR-125b signature and TNM stage or UISS could further stratify patients and provide higher prognostic power.
In routine clinical practice, TNM stage is the key prognostic determinant for ccRCC patients. (20, 21) However, it is reported that some of the substages identified by TNM stage show overlapping prognoses, while other substages contain patients with heterogeneous outcomes. (22, 23) This also occurs with other extended anatomy-based models like UISS and SSIGN. (24, 25) There has been rapid improvement in the understanding of the molecular biology of ccRCC and various biomarkers associated with prognosis have been reported, such as C-reactive protein, (26) providing different prognostic information. miRNA have drawn ever greater attentions. For instance, as a consequence of Von Hippel-Lindau (VHL) gene inactivating mutation, HIF-1 ⁄ 2 contributed to overexpression of miR-210, which reduced reactive oxygen species production through targeting iron sulphur cluster homologue (ISUC), and correlates with favourable clinicopathological factors. (27) Hence, it may be a simple and easy-to-use clinical procedure to identify miR-NA in ccRCC with quantitative or semi-quantitative assays.
It is well-known that miR-125b plays a crucial role in cell growth, apoptosis and metastasis. In bladder cancer, miR-125b suppressed the development of tumor by targeting E2F3, a transcription factor that induced cells to transit from G1 to S cell cycle phase. (28) In prostate cancer, miR-125b promoted xenograft tumor growth, probably through directly targeting three key pro-apoptosis genes: P53, PUMA and BAK1. (29) This ectopic expression of miR-125b has also been seen in ovary, breast, liver, leukemia and glioma cancer. Depending on the different tissular and cellular context, respective genes were targeted by miR-125b, revealing its multi-face character as an oncogene or a tumor suppressor. (30) (31) (32) (33) (34) Accordingly, it is valuable to apply miR-125b in cancer diagnosis and prognosis as a supplement of clinic classification approaches. Nishida et al. demonstrate that high expression levels of miR-125b are associated with enhanced malignant potential in colorectal cancer, and could be an independent predictor of poor prognosis for patients who have undergone complete colorectum resection. (35) However, studies on the role of miR-125b in ccRCC are limited and the underlying mechanisms remain largely unknown. It has been revealed that miR-125b is expressed at low levels in normal renal tubular epithelial cells and interstitial cells, (36) and is expressed higher in advanced metastatic ccRCC than primary ⁄ non-metastatic ccRCC. (16) Consistent with these results, we showed high miR-125b expression in aggressive tumors; those patients with advanced stage and high expression of miR-125b had shorter CSS and RFS. The present study highlights the possibility that miR-125b may be directly involved in the metastatic process of ccRCC. Interestingly, miR-125b was found to target erythropoietin and its receptor, correlating with metastatic potential in breast cancer. (37) Through a series of in vivo experiments on nude mice, Wan et al. found that miR-125b was significantly higher in SU3 cells, a highly invasive and progenitor glioma stem cell line. This oncogene-like behavior probably follow the inhibition of a novel target gene of miR-125b, matrix metalloprotease 9. (38) Our findings may be used to improve the predictive ability of some well-established models, such as TNM stage and UISS. The possibility of using the expression of microRNA as prognostic biomarkers or molecular classifiers has been investigated in several cancer types, including RCC. For example, Brandenstein et al. found that miR-15a, together with its upstream PKCa, could differentiate benign and malignant renal tumors in fresh biopsy samples. (39) In addition, Fritz et al. (40) reveal that the ratio of miR-21 ⁄ 10b expression significantly correlates with disease severity and survival of non-metastasis ccRCC. Although nowadays RCC can often be diagnosed fairly certainly without a biopsy, and CT ⁄ MRI scans can be helpful in diagnosing most kinds of kidney tumors, miR-125b staining on biopsy specimens could be mainly used as a biomarker in prognostic stratification and molecular classification of RCC after nephrectomy, based on the maturity of renal resection operation and detectability of miR-125b, as we showed in this study. Novel therapies are perhaps the most exciting aspect in the study of miRNA in cancers. miR-125b have been found to target several tumor suppressor genes in different human malignancies. Haemmig et al. (41) found that in glioblastomas miR-125b targeted TNFAIP3 ⁄ NKIRAS2, relieved the inhibitory of NF-jB and, therefore, controls apoptosis as well as temozolomide resistance. Gurova et al. (42) proved the activation of NF-jB signaling pathway in RCC, indicating the possibility of delivering synthetic miR-125b inhibitor into patients to suppress the tumorous functions of NF-jB. In view of the important roles NF-jB signaling plays in molecularly-targeted therapy with sorafenib, and the finding that IFN-a, another first-line therapy agent of ccRCC, could downregulate miR125b in monocyte differentiation, (43) it might be possible to enhance the chemotherapy effect through a combination of cytokine and targeted therapy drugs. Besides, octamer-binding transcription factor 4 (OCT4) induces upregulation of miR125b through directly binding to the promoter of miR-125b in cervical lesions, which could probably be reversed under high doses of docetaxel treatment. (44, 45) However, this work has limitations in terms of generalizability because all cases were obtained from a single institution in China, and it is necessary to acquire independents datasets from non-Asian patients to confirm the prognostic value of miR-125b in ccRCC. Last, but equally important, further investigation into miR-125b's functions and additional targets should be conducted so as to provide more information for better understanding of the detailed molecular mechanisms.
